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論文内容の要旨
Abstracts 
Chapter 1 Generallntroduction 
Gene flow, mediated by the movements of paternally and maternally derived gametes, 
is one of the most important components of genetic dynamics, supplying genetic variation into 
the focal locations. The stage of dispersing seeds is the most informative life stage to evaluate 
the influences of such g創nete movements, and the genetic composition ofthis stage can be seen 
as the candidate gene pool of the next generation. For understanding the effective role of gel1e 
flow in the context of the genetic variability maintenance, it is important to investigate towards 
加 the genetic composition (genetic diversity or heterogeneity) of the dispersed genes, together 
with the degree of gene flow (dispersaI distance, or proportion of immigrant gene flow 01' 
long-distance gene flow). AIso, simultaneous, separate evaluations of gamete-based, paternal 
and maternal gene flow are important fo1' examining their relative genetic contributions, since 
the seed genotypes are equally represented by the paternal and maternal haploid gametes. In the 
present study, 1 investigated both paternal and maternal gene flow pa悦rns and the 
gamete-based genetic compositions at the stage of dispersed seeds in a natural population of 
Pinus densiflora. 1n chapter 2, the finer str剖egy of parentage analysis w路 considered to 
simultaneously evaluate both the paternal and maternal gene flow of this species accurately. ln 
chapter 3 and 4, 1 evaluated the roles of spatially and/or tempor訂ily heterogeneous gene flow 
pa岱ernsin the maintenance of genetic variability witl佖 the population. 
Chapter 2 Use of different seed tissues for separate biparen泊ge identification of 
dispersed seeds in conifers: confirmations and practices for gene flow in Pinus 
densiflora 
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To investigate how accurately biparentage assignments for coniferous seeds can be 
improved by using different kinds of seed tissues, 1 conducted biparentage assignments for 
dispersed seeds in a natural population of Pinus densiflorα(288 adult trees) using two 
procedures: with, or without, megagametophyte haplotype data (the ‘MH' or 出e ‘ ordinary'
procedure, respectively). In the experiments using archived c1ones, 1 confirmed the 
coniferous-peculiar modes of inheritance of three kinds of seed tissues from certain maternal 
trees using six microsatellite rnarkers. In the natural population, under the MH procedure, 
39.2% ofpaternal parent and 77.0% ofrnaternal parent out of204 seeds analyzed were assigned 
to at least a single adult tree within the study plot. At that tirne, the proportion of exactly 
matc1?g seeds out of one-parent圃rnatching seeds was significantly larger than that under the 
ordinary procedure. The biparentage assignrnents under the ordinary procedure corresponded 
with only 53.7% ofthe accurate, separate assignrnents under the MH procedure. It is suggested 
that analyzing different seed tissues is effective for exact and accurate biparentage assignments 
in simultaneous evaluations of paternal and maternal gene flow in coniferous populations, 
particularly at the stage of dispersed seeds. 
Chapter 3 Simul踊neous evaluation of paternal and maternal immigrant gene 
flow and the contributions to the overall genetic composition of Pinus densiflora 
dispersed seeds 
When considering the genetic contributions of irnmigrant gene flow, it is important to 
evaluate both the proportions of immigrant garnetes and their genetic composition. 1 
simultaneously investigated paternal and maternal gene flow in dispersed seeds in a natural 
population of Pinus densiflora located along a ridge. The paternity and rnaternity of a total of 
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454 dispersed seeds (in 2004 and 2005) were accurately and separately assigned to 454 
candidate adult trees; by analyzing the nuclear DNA of both diploid biparentally derived 
embryos and haploid maternally derived megag卸netophytes of the seeds. The relative genetic 
diversities and differences between within-population and immigrant groups of both patemal1y 
and maternally derived gametes (four groups) th剖 formed genotypes of the seeds were 
evaluated. Using eight microsateIlite markers, 1 found that 64.0 to 72.6% of paternal1y derived 
gametes, and 17.8 to 20.2% of maternally derived gametes, were from other populations. 
Principal coordinate analysis showed that the four gamete groups tended to be plotted at 
different locations on the sca枇ergram， indicating that they each have different genetic 
compositions. SubstantiaI paternal and maternal immigrant gene flow occurred in this 
population, and therefore, the overall genetic variation of dispersed seeds is enhanced by both 
paternally and maternally derived immigrant gametes. 
Chapter 4 Five years of paternal and maternal gene flow and the contributions 
of the gametic heterogeneities to the overall genetic composition of Pinus 
densiflora dispersed seeds 
When considering the genetic contribution of ye訂ly heterogeneous mating patterns, it 
is important to evaluate the genetic composition of both paternal and maternal gametes at the 
multi-yeal' scale of the stage of dispersed seeds. 1 simultaneously investigated paternal and 
maternaI gene flow in a natural population of Pinus densiflora Iocated along a ridge in five 
consecutive years (2003-2007). The paternity and matemity of a totaI of 1,576 dispersed seeds 
were accurately and separately assigned to 454 candidate adu1t trees, by analyzing the nuclear 
DNA of both diploid biparentally derived embryos and haploid maternally derived 
? ??唱
2よ
megag創netophytes. The relative genetic diversities and differences among the five years of 
both paternally and maternally derived gamete groups (lO groups) were evaluated. Using eight 
microsateIite markers, 1 found that 67.2% and 21.4%, in total, of paternaI and maternal 
gametes, respectively, were from other populations, confirming both substantial paternal and 
maternal immigrant gene flow during the five years. Two-way analysis of molecular variance 
showed significant molecular variances in gamete groups both between parentages 組d among 
years, and also a significant interaction between parentages and years. Principal coordinate 
analysis showed that patemal and maternal gamete groups appeared at di百erentlocations on the 
scattergram, and that the maternal groups showed distributions that are more scattered. Thus, 
the overall genetic variability of dispersed seeds would be enhanced by 1) the large biparental 
heterogeneity in genetic composition, and 2) the large year-to-year heterogeneity in maternal 
genetic compos咜卲n. 
Chapter 5 General discussion 
Three m吋orinsights or importances were recognized, regarding with the contributions 
of gene flow to the within-population genetic variability. First, simultaneous and separate 
evaluation of paternal and maternal gamete崎based gene flow was particularIy important for the 
tree species like Pinus densiflora. Second, simultaneous evaluations of both the degree of gene 
flow and the dispersed genetic compositions were indeed important. Third, the genetic 
compositions at the stage of dispersed seed most directly reflect the mating patterns, and the 
accompanied gene flow pa口ems of the populations. Gene flow is an important component of 
continuous genetic dynamics within the population, and the regular or periodical investigation 
is required to monitor the genetic history or possible genetic changes in populations, and to 
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develop strategies for successful protection and regeneration. 
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論文審査結果の要旨
日本の代表的針葉樹であるアカマツの天然集団において、雌雄の配偶子による
遺伝子流動を区別して把握し、両者が種子散布段階の遺伝的多様性にもたらす寄
与を明らかにするため、集団内のアカマツ成木個体及び集団内に自然散布された
種子を対象に DNA 分析を行った。
第 1 章では、雌雄配偶子の流動を正確に区別するため、針葉樹種子における雌
性配偶体(雌親由来の半数体組織 [n]) のジェノタイピングを利用した親子解析
法の有用性を検討した。匪と雌性配偶体のデータを併用した親子解析法では、匹
のみのデータによる親子解析法に比べ 2 倍近くの種子の雌雄親が正確に特定され
たことから、前者の解析手法が当該樹種の遺伝子流動の解明に有用であることが
確認された。
第 2 章では、第 1 章で有用性が確認された手法を用いて、遺伝子流動に影響す
る大きな要因として「集団外からの移入 J を取り上げ、雌雄の移入配偶子が散布
種子の遺伝変異全体へもたらす寄与を解析した。 100m 以上離れた隣の昆根以遠
の集団からの配偶子の移入率は、雄性配偶子では 6"-'7 割、雌性配偶子でも約 2
割と高かった。また、配偶子の雌雄親間並びに集団内外由来間(計 4 グループ)
での遺伝的異質性を主座標分析した結果、配偶子はグループ間で異なる遺伝変異
を保有していた。このことから、当該集団の遺伝的多様性は、①雌雄配偶子によ
る高い移入率、及び②雌雄移入配偶子の集団内由来配偶子との遺伝的異質性によ
って高められていることが示された。
一方、第 3 章では「交配パターンの年次変化」を取り上げ、複数年次スケール
での雌雄配偶子構成の異質性が、散布種子の遺伝変異全体にもたらす寄与を解析
した。配偶子の雌雄親間並びに 5 年次間(計 10 グループ)での遺伝的異質性を
主座標分析した結果、配偶子構成は雌雄親間で大きく異なり、また雌性配偶子の
構成が年次間で大きく異なっていた。このことから、当該集団の遺伝的多様性
は、①個体の繁殖努力の雌雄機能問での異質性、及び②雌性繁殖努力の年次問で
の異質性によって高められていることが示唆された。
以上の 3 章より、アカマツ天然集団の遺伝的多様性の維持メカニズムを理解す
る上では、雌雄の配偶子レベルでの遺伝子流動の把握が重要であり、種子散布段
階の遺伝変異には、雌雄問、集団内外由来問、年次間といった、複数次元での配
偶子の遺伝的異質性が寄与していることが考えられた。
自立して研究活動を行うに必要な高度の研究能力と学識を有することを示してい
る。したがって，岩泉正和提出の論文は，博士(生命科学)の博士論文として合
格と認める。
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